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Based on the analysis of the whole system of magnesium alloy melting furnace, the functional requirements of 
the temperature control system are clarified. Based on the analysis of the melting process of magnesium alloy, 
the thermal stress situation in the heating furnace temperature rise period is analyzed by means of analysis of 
heat transfer simulation, the reasonable heating rate and magnesium melt temperature variation are 
determined. The method of control strategy based on PLC algorithm and multipoint temperature measuring 
are put forward to solve the temperature control system of magnesium melt temperature fluctuation in 
improper rate control and continuous casting. A set of control system based on PC and PLC is designed 
according to the functional requirements of magnesium alloy furnace temperature control system. The system 
uses PLC as the main control unit to realize the automatic heating control and data acquisition. At the same 
time, PC is taken as a human-computer interaction platform, and VB6.0 is used to develop computer 
monitoring software to realize on-line control of upper computer and lower computer and centralized control of 
the whole control system, which simplifies the operation, reduces the failure rate of the equipment, improve 
the work efficiency and the accuracy and flexibility of the system. The hardware configuration and software 
design of temperature control system for magnesium alloy melting furnace is completed, the temperature 
control system performance is tested, and the feasibility of heating system and the rationality that based on 
the duty ratio of hybrid control of output control and PID control are verified. According to the experimental 
results, the experimental system of magnesium alloy melting furnace is established, and the temperature 
control experiment is carried out. The experimental results show that the temperature control system achieves 
the expected control objectives. 

1. Introduction 
Magnesium alloys, as the lightest commercial metal structural materials, are widely used in the fields of 
automobile, motorcycle, information industry, aerospace and so on (Lopes, et al., 2017; Dong, 2016; Hou, 
2016; Su, 2016). With the increase of the demand for magnesium alloy, the research and development of key 
production equipments such as magnesium alloy melting furnace and die casting machine have been paid 
more and more attention. At present, only a few developed countries have mature production technology 
equipment. Some domestic research institutions and enterprises realized the design and manufacture of 
magnesium alloy melting furnace, but compared with the foreign products, there are still significant gaps on 
the performance (Gesing, et al., 2016). Based on this background, this paper presents the research and 
development of magnesium alloy melting furnace temperature control system, which is based on the research 
and development of "the technology of green melting of magnesium alloy and the quantitative feeding furnace 
for melting and heat preservation" of Zhejiang province science and technology department. 

2. Magnesium alloy furnace temperature control system 
2.1 Temperature control system principle 

The schematic diagram of the furnace temperature control system is shown in Figure 1. 
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Figure 1: Schematic diagram of the furnace temperature control system 

As can be seen from Figure 1, the furnace temperature is taken as the controlled object. The operator can use 
the man-machine interface to set a series of initial values, the control command can be transmit to the main 
control unit through communication. On the one hand, the temperature detection value of the furnace 
transferred by the temperature sensor can be received by the main control unit. On the other hand, the 
heating state of the heating element to the controlled furnace can be adjusted according to the control signal 
of the upper computer output to the intermediate controller, forming a closed-loop temperature control system 
and achieving the purpose of temperature control (Zhang, et al., 2016). In addition, the man-machine interface 
receives the data collected by the main control unit, which can monitor the whole control system. 

2.2 Hardware functional requirements 

According to the principle of temperature control system, the hardware system needs to realize the following 
functions: 
①Human-computer interaction provides a platform for parameter setting and monitoring. 
The temperature detection uses the temperature measuring element to realize the temperature.  
②The temperature detection is used to realize the temperature detection and feedback to the control unit. 

③The heating control output uses the main control unit to realize the automatic control of the heating 
actuating element, and realizes the data exchange with the man-machine interactive interface. 

2.3 Software system 

The purpose of software system is to realize the core control strategy and monitoring of the control system. 
PLC working mode 
Essentially, PLC (Cortés, et al, 2016) is an industrial computer control device which can extend input and 
output interface with the function of communication. Its working principle is based on the computer control 
system (Nguyen, et al, 2016) that is completed through the user program by carrying out the control 
requirements. But CPU deal with the tasks in a time-sharing operation mode. Each computer can just do one 
thing in every moment, so the program is executed according to the procedure that completing the 
corresponding electrical action in order, so it belongs to the serial working mode. 
The main working process of PLC can be divided into 4 basic steps: public processing, input sampling, 
executing program and output refresh (Qian, et al, 2016). 
In addition, the program provides the user with internal relays, timers, counters and other soft components. It 
has the characteristics of the relay, nut does not have the mechanical contacts. The contacts can be unlimited 
referred, and not limited by the service life. These software components provide a great convenience for the 
debugging and maintenance of the program, and create the conditions for the normalization of the program 
design. 

2.4 Control strategy 

Intelligent temperature control module Q64TCTT provides users with PID control and direct duty cycle output 
control two control methods (Xin, et al, 2016) Among them, the PID control has been more mature in the PLC 
technology, but it involves temperature sampling, PID calculation, PID parameter setting and other issues (Ye, 
et al, 2017) especially the setting of PID parameters is relatively difficult. But the direct duty cycle output 
control method is simple, only needs to set the cycle and the duty according to the user demand, but often its 
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control precision is not high. In this paper, according to the actual needs, the appropriate control strategy will 
be determined by the following experiments. 

2.5 Man-machine interface 

The man-machine interface of the system needs to meet the following requirements 
① The operation interface is simple, and conforms to the production process. It is convenient for users to 
operate. 
② Security password protection. It can prevent workers from operating errors. The password should be set for 
the important parameters. 
③ Simple man-machine interactive operation. According to the requirements of the operating conditions, the 
operator issues control commands from the man-machine interface, which will be transferred to PLC to carry 
out the specific operations after going through the PC and PLC communication. 
④ Real time monitoring and data analysis. The temperature and alarm in the melting process of magnesium 
alloy should be displayed and recorded in real-time, and the historical temperature data should be checked. 
⑤ According to the needs of the user, the sampling frequency, temperature preset parameters, and the 
manual and automatic switching operation should be set. 

3. Experimental study on temperature control of melting magnesium in magnesium alloy 
melting furnace 
The experimental system is built, and the temperature control system and the control strategy of heating and 
melting stage are verified. 

3.1 Magnesium melting experiment system 

The heating system, the structure of the furnace and the thermal insulation layer are improved. 
In addition, according to the process requirements of the magnesium alloy smelting furnace, the N2 and SF6 
mixed gas are prepared to protect system, as well as the quantitative pouring system. 

3.2 Magnesium melting and heating experiment 

3.2.1 Experimental target 

According to the progress of the project, under the condition that the gas protection system is not perfect, the 
magnesium alloy AZ91D is used as the medium to carry out the heating experiment of the magnesium alloy 
furnace. Combined with ideal temperature control curve in heating and melting stage in the second chapter, 
the control objective is required to achieve as shown in Table 1. Among them, the furnace heating stage is 
based on the furnace temperature control, so the following temperature rate and the sampling data involved in 
the article take the main furnace temperature control point data as the criterion, no longer described below. 

Table 1: Technical requirements for temperature control of magnesium alloys 

 

 

 

 

3.2.2 Experimental scheme 

The hybrid control of direct duty cycle output control and PID control is used. In the range of 20 °C--30 °C at 
room temperature, the temperature control is realized by controlling the duty cycle output of the two chamber 
heating control loop. In the range of 300 °C--450 °C, the PID is used to control the average heating rate and 
the final steady state heat preservation precision.The settings of the subsection in early stage of duty cycle 
control and the duty cycle in each stage are estimated according to the power system and quality of 
magnesium ingot, and then adjusted gradually in order to ensure the temperature difference between the two 
points for measuring temperature is as small as possible before entering the PID control stage. After 
determining the initial duty cycle, the PID control parameters are adjusted. The setting of the PID parameter 
has a certain regularity, but it needs to observe the change of the response curve, and constantly modify the 
parameters when adjust the parameters. Satisfactory control curve can be obtained after several tests. 

Parameter Objective value Average heating rate  Insulation precision 

Technical requirements  450 60~80 ≤±5 
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Figure 2: Temperature sampling curve of PI control in the heating phase of magnesium smelting 

 

Figure 3: Temperature sampling curve of PID in the heating phase of magnesium smelting 

In this paper, when setting the PID parameters, the temperature sampling curve of the main temperature 
control point of the partial heating furnace is obtained, as shown in Figure 2 and 3. Figure 2 is the overshoot 
temperature curve obtained by PI control. On the basis of the PI control shown in Figure 2, the temperature 
curve of Figure 3 is obtained by adding D control. Although the result of Figure 3 is still not ideal, it can be 
seen that the result is gradually improving in the process of revising the parameters. 
The parameters obtained by multiple tests are shown in Table 2. 

Table 2: Temperature control strategy  

Note: the sampling time TS in Q64TCTT temperature control module is fixed, and it doesn’t need the user to set. 

Temperature stage  20~100 100~300 300~450 
Control method  
 Duty ratio output  Duty ratio output  PID 

Set value 

Melting chamber 60% 100% 
Kp=60%, T1=240, 
TD=50 
 

Insulation room 80% 100% 
Kp=80%, T1=240, 
TD=60 
 

268



3.2.3 Experimental results 

According to the control strategy in Table 2, the temperature rising of magnesium is tested. The VB monitoring 
system of the host computer collects the data every 5 seconds, and the temperature rising curve of 
magnesium alloy is shown in Figure 4. 

 

Figure 4: Temperature sampling curve of magnesium alloy temperature control 

According to the temperature sampling curve, it is found that the heating temperature of magnesium alloy 
melting furnace is stable, and the average heating rate is kept at 70~80°C/h. After nearly 6 hours of heating, 
the temperature of magnesium alloy has reached to 450°C, and entered the stage of heat preservation, the 
final temperature control accuracy remains within the range of ≤±5. However, it should be noted that the PID 
parameters given in Table 2 are not unique, because the influence of PID parameters on the control effect is 
correlative, that is to say, the other PID parameters can also achieve the same control effect. 
The experimental data show that the temperature control system adopts the hybrid control strategy of direct 
duty cycle output control and PID control, and realizes the experimental target. 

3.3 Summary 

According to the results of the experiment, the experimental system of magnesium alloy is improved. 
According to the requirements of the project, the feasibility of the temperature control system and the control 
strategy is verified by the temperature control experiment. The experimental results show that the control 
strategy of the temperature control system using direct duty cycle output and PID hybrid control has the ability 
to realize the stable temperature control of magnesium alloy, which can achieve the goal of the project 

4. Conclusion 
The magnesium alloy material has the unique advantages and is widely used in various fields, such as 
automobile, motorcycle and information industry. With the increasing demand on magnesium alloy, people 
vigorously develop the magnesium alloy production equipment. The domestic research and development of 
magnesium alloy manufacturing equipment is relatively backward, its application is relatively little. In this paper, 
through the research of temperature control system for magnesium alloy melting furnace, the application of 
the temperature control system in magnesium alloy furnace is realized, which promotes the developing of 
magnesium alloy technology, and promotes the development of China's magnesium alloy industry. In this 
paper, the research and development of magnesium alloy furnace temperature control system mainly 
completed the following work: 
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